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(54) Method and apparatus for gaseous treatment 



(57) A fixture device (10) and method for uniformly 
and efficiently treating an article in a gaseous atmos- 
phere. The fixture device provides a plurality of point 
contact support locations (IB) for supporting the article 



during the treatment. The fixture device arid treatment 
method are especially useful in the plasma treatment of 
contact lenses to improve surface biocompatibility and 
hydrophilicity. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates broadly to methods and de- 
vices for treating articles in a gaseous atmosphere. In a 
preferred embodiment, the invention relates to methods 
and devices for plasma treating ophthalmic lenses, es- 
pecially contact lenses, to increase hydrophllicity. 

2. DESCRIPTION OF THE RELATED ART 

Various treatments of articles in a gaseous atmos- 
phere are known. For example, the treatment of articles 
in a plasma (i.e., ionized gas) atmosphere has been 
used to produce surface coatings or modify the surface 
of an article, so that the surface properties differ from 
the properties of the native material. Plasma surface 
treatments are especially useful in the production of 
ophthalmic lenses, such as contact lenses. 

For example, U.S. Patent No. 4,312,575, issued to 
Peyman. et al., on Jan. 26, 1982. discloses the treat- 
ment of the surfaces of soft contact lenses in an electri- 
cal glow discharge polymerization process. The atmos- 
phere consists essentially of hydrocarbons, halogenat- 
ed hydrocarbons, halogenated hydrocarbons and hy- 
drogen, hydrocarbons and an elemental halogen, and 
mixtures thereof. The lenses are supported in a ring 
structure having an arcuate slot in which the lens pe- 
riphery rests. A second coating step is required in order 
to coat the lens periphery, because a peripheral portion 
of the lens is blocked by the support structure. 

U.S. Patent No. 4,632,844, issued to Yanagihar, et 
aL. on Dec. 30, 1986. discloses an optical product hav- 
ing a thin surface film obtained by subjecting a mixed 
gas of oxygen and an alkene to plasma polymerization 
in the presence of the optical product. The optical prod- 
uct is supported on a supporting table placed inside the 
reaction vessel, and the exposed surface of the optical 
product is treated. Again, in this configuration, one half 
of the lens is treated and the other half is sheltered 
("shadowed") from the reactive plasma. 

While there have been numerous, attempts at im- 
proving plasma surface treating processes, there re- 
main problems with treatment uniformity and processing 
efficiency. 

SUMMARY OF THE INVFNTIDM 

An object of the invention is to provide methods and 
devices for uniformly plasma treating the surface of an 
article. 

Another object of the invention is to provide meth- 
ods and devices for providing an ophthalmic lens with a 
uniform surface treatment. 

A further object of the invention is to provide meth- 



ods and devices for providing contact lenses with uni- 
form ophthalmically compatible, hydrophilic coatings. 

Yet another object of the invention is to provide 
methods and devices for plasma surface treatment 
5 which have improved efficiency. 

These objects and other advantages accomplished 
by the innovative plasma treatment method and fixture 
devices of the present invention. 

In one embodiment, the invention is a fixture device 
^0 for uniformly and efficiently supporting an article to be 
treated in a gaseous atmosphere. The fixture device in- 
cludes a support structure which provides a plurality of 
point-contact support locations for the article to be treat- 
ed. The plurality of point contacts is sufficient to support 
'5 said article to be treated but does not block the gaseous 
atmosphere in an amount which prevents substantially 
uniform coating of the article. A preferred device is cho- 
sen for plasma polymerization of the surface of an oph- 
thalmic lens. . 

In another embodiment, the invention is an efficient 
method of uniformly treating the entire surface of an ar- 
ticle. The method involves placing an article on a sup- 
port structure such that the article is supported on a plu- 
rality of point-contact support locations and exposing 
^5 the article to treatment gas for a time and at conditions 
sufficient to provide a substantially uniform surface 
treatment to the article. In a preferred embodiment, the 
article is only subjected to one treatment to produce a 
substantially uniformly treated surface. A preferred 
30 method involves plasma polymerization of a coating on 
the surface of an ophthalmic lens. 

BRIEF DESCRIPTION QF THE DRAWINf^.c; 

55 FIG. 1 is a top view of one embodiment of the fixture 
device of the present invention with a contact lens sup- 
ported thereon. 

FIG. 2 is a side view of the fixture device and lens 
of FIG. 1. 

FIG. 3 is a bottom view of the fixture device and lens 
of FIG. 1. 

FIG. 4 is a bottom view of another embodiment of 
the fixture device of the present invention supporting a 
contact lens thereon. 
^5 FIG. 5 is a top view of a further embodiment of the 
fixture device of the present invention supporting a con- 
tact lens thereon. 

FIG. 6 is a top view of yet another embodiment of 
the fixture device of the present invention supporting a 
50 contact lens thereon. 
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55 The present fixture devices and methods are useful 
in the plasma coating or surface treatment of articles. 
The fixture devices and methods have particular utility 
in the surface treatment of ophthalmic lenses. An "oph- 
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thalmic lens", as used herein, relers broadly to lenses 
used to treat or modily the eye, ocular tissue, or ocular 
fluids, or to correct vision. Thus, ophthalmic lenses in- 
clude, without linnitation thereto, contact lenses, corneal 
implants and onlays, ophthalmic drug delivery devices, s 
aesthetic lenses to change eye color and the like. Con- 
tact lenses formed from polymers having siloxane 
groups are a preferred group of contact lenses which 
may be plasma treated in accordance with the present 
invention. 

"Surface treatment processes", as used herein, re- 
fers to processes in which, by means of contact with a 
vapor, (1 ) a coating is applied to the surface of an article, 
(2) chemical species are adsorbed onto the surface of 
an article, (3) the chemical nature (e.g., electrostatic 
charge) of chemical groups on the surface of an article 
are altered, or (4) the surface properties of an article are 
otherwise modified. A preferred class of surface treat- 
ment processes are plasma processes, in which an ion- 
ized gas is applied to the surface of an article. Plasma 
gases and processing conditions are described more 
fully in U.S. Patent Nos. 4,312,575 and 4,632,844, 
which are incorporated herein by reference. 

The present methods and fixture devices produce 
articles which have highly uniform surface treatments. 
One reason for the improved treatment uniformity is that 
the amount of article surface which is blocked or ob- 
scured from treatment gas contact is minimized. This is 
accomplished by providing support for the article in the 
form of "point-contact support locations'*. "Point-contact 
support locations", as used herein, refer to contact 
points between an article and a support member which 
are not sufficient to substantially impair the uniformity of 
treatment of the surface of the article. In a preferred em- 
bodiment, "point-contact support locations" means sup- 
port member contacts with an article which, in sum, cov- 
er less than about one percent of the surface of the ar- 
ticle, (n a more preferred embodiment, "point-contact 
support locations" means support member contacts with 
an article over less than about 0. 1 percent of the surface 
of the article. 

The number of point-contact support locations gen- 
erally must be at least three to properly support the ar- 
ticle to be treated. Point-contact support locations which 
number less than three generally do not properly stabi- 
lize the article. Thus, a preferred number of point-con- 
tact support locations is at least three. There may be 
four or more point-contact support locations. In one pre- 
ferred embodiment, there are four points support con- 
tacts, preferably separated from one another by a sub- 
stantially equal distance. In another preferred embodi- 
ment, there are between about 4 and about 10 point- 
contact support locations. 

In a preferred embodiment, the support members 
are made of a thin wire, fiber, or a wire-like material. Thin 
wires are preferred to minimize any interference or ob- 
struction between the plasma gas and the article to be 
treated. Wire support members may be made from me- 
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tallic or non-metallic materials. In a preferred embodi- 
ment, the wire material is a non-ferromagnetic material, 
including without limitation thereto, quartz, optical cable, 
glass fibers and fine polymeric line. Ferromagntic ma- 
terials are believed to present additional interference 
with plasma surface treatment, because ferromagnetic 
materials are believed to interact with the ionized gase- 
ous molecules. Optical fibers and polymeric fibers are 
particularly preferred support member materials. 

Another advantage of the present invention is that 
an article may be surface treated in a single-step proc- 
ess. In prior art processes, articles have been supported 
on structures wh ich substantially interfered with, or com- 
pletely blocked, the treatment of at least one surface of 
the article. Thus, in order to treat the entire surface of 
the article, prior art techniques typically required the ad- 
ditional processing steps of : ( 1 ) halting the surface treat- 
ing apparatus, (2) removing the article from the support 
apparatus, (3) rotating the article about 90 to 180°, (4) 
placing the article back into the support apparatus, (5) 
placing the article and support apparatus back into the 
treatment apparatus, and (6) initiating a second treat- 
ment cycle. 

In contrast to the prior art, the present fixture devic- 
es and surface treatment methods provide means by 
which the entire surface of an article may be treated in 
one continuous, semi-continuous, or batch processing 
step. The advantages of treating the entire surface of 
an article in a single processing step are numerous. Sur- 
face treatment in a single processing step will produce 
fewer defective products than multi-step surface treat- 
ment processes. Also, less process downtime will occur, 
because less equipment is required. Further, less scrap 
product and waste will be generated. In addition, 
processing uniformity and concomitant lens product var- 
iation is reduced by the present method. Clearly, the 
present single-step surface treatment processes are 
preferable to the multi-step surface treatment process- 
es. 

A better understanding of the invention may be ob- 
tained by reference to the drawings. FIG. 1 shows a top 
view of one embodiment of the fixture device of the 
present invention with a contact lens supported thereon. 
In this embodiment, fixture device 10 supports contact 
lens 16 at four (4) point-contact support locations 18. 
Fixture device 10 includes a penpheral support frame 
12 having article support members 14 affixed thereto. 
While FIG. 1 shows a substantially circular support 
frame, the shape of the support frame is not believed 
critical. Thus, the support frame shape may be chosen 
from a wide variety of shapes which do not substantially 
interfere with the uniformity of surface treatment of the 
article and which provide adequate structural support for 
the article and support members, including without lim- 
itation, circular shapes, oval shapes, rectangular 
shapes, triangular shapes, and the like. 

The concave side of the contact lens is facing fixture 
device 10. FIG. 2 is a side view of the fixture device and 



EP 0 758 687 A1 



15 



20 



25 



30 



35 



40 



45 



SO 



3 



EP 0 758 687 AT 



6 



lens of FIG. 1. showing the contacl lens in a concave 
down position, i.e., the concave surface taces the fixture 
device. Thus, contact lens 1 6 rests on support members 
1 4 only at four points along the periphery of contact lens 
1 6. The central area of the contact lens is free from con- s 
tact with any of the fixture device. Further the top, con- 
vex portion of the contact lens is entirely unobstructed 
by the fixture device. 

FIG. 3 is a bottom view of the fixture device and lens 
of FIG. 1. Contact lens 16 is supported only at the four io 
point-contact support locations 18. Concave surface 20 
of lens 16 does not touch support members 14, except 
possibly around point-contact support locations 18, 
which are primarily edge contact points. Interior portions 
22 of support members 1 4 may interfere slightly with the is 
plasma treatment of the concave surface of the lens. 
However, the interference is not sufficient to substan- 
tially affect the uniformity of the surface treatment. 

FIG. 4 is a bottom view of an alternative embodi- 
ment of the present innovative fixture device which sup- 20 
ports a contact lens thereon. Fixturs device 30 includes 
outer peripheral support frame 32 with support mem- 
bers 34 which are affixed thereto and which extend in- 
wardly. Support members 34 are not affixed to one an- 
other in this embodiment, in order to minimize support 25 
member interference with the surface treatment vapor. 
In order to provide additional stability, the FIG. 4 embod- 
iment includes an optional inner peripheral support 
frame 35 which is affixed to support members 34 at 
points beyond the peripheral edge of contact lens 36. so 
Thus, ends 39 of support members 34 do not meet, but 
extend a distance beyond the edge of contact lens 36, 
when the lens is centered on the fixture device, which 
distance is sufficient to support the contact lens in the 
event the lens is accidentally dislodged slightly from the 3s 
center of the fixture device. In a preferred embodiment, 
support members extend at least about 0. 1 mm from the 
edge of the lens when the lens is centered on the fixture 
device. 

The affixation of support frames to support mem- 40 
bers of the fixture device is generally not critical. The 
affixation may be accomplished by a number of means 
known in the art, such as affixation by tack welding of 
metal members, affixation by application of adhesives 
between members, affixation by shaping and interier- 46 
ence fitting members, and the like. 

FIG. 5 is a top view of a further embodiment of the 
fixture device of the present invention supporting a con- 
tact lens thereon. Fixture device 41 includes three sub- 
stantially uniformly spaced support members 44 which so 
are affixed to penpheral support frame 42 and which ex- 
tend inwardly from support frame 42. Contact lens 46 is 
shown supported at only three point-contact support lo- 
cation sites 48. The advantage of this embodiment over 
the embodiment of FIG. 1 is that there is even less con- ss 
tact by the fixture device with the contact lens, and ac- 
cordingly, less interference with the surface treatment 
process. If the lens remains substantially centered on 



the device during the surface treatment process, there 
will be no support problems. However, if an undesirable 
force causes the lens to move a substantial distance off 
center, it is conceivable that the lens could fall off the 
support frame. Thus, the selection of one of these em- 
bodiments over the other depends on the details of the 
particular product and treatment process chosen. 

FIG. 6 is a top view of yet another embodiment of 
the fixture device of the present invention supporting a 
contact lens thereon. In this embodiment, fixture device 
50 includes support members 54 extending in a sub- 
stantially parallel fashion from one side of rectangular 
support frame 52 to the other. Contact lens 56 is sup- 
ported at four point-contact support locations 58 when 
the lens is substantially centered on the fixture device. 
If contact lens is dislodged along a path substantially 
parallel with support members 54, point-contact support 
location sites 58 remain at substantially the same loca- 
tion on the lens edge. If the lens is dislodged in a direc- 
tion which is not substantially parallel to support mem- 
bers 54, the lens may then be supported by a new set 
of support members, but will not fall through the fixture 
device. The non-parallel dislodging may cause the lens 
to be supported by th ree s upport members, and thereby 
contact six point-contact support locations. 

Thus, the present innovative fixture device, for uni- 
formly and efficiently supporting an article to be treated 
in a gaseous atmosphere, may be defined as including 
a support structure which provides a plurality of point- 
contact support locations for an article to be treated. The 
plurality of point-contact support locations are sufficient 
to support the article to be treated but do not block the 
gaseous treatment atmosphere in an amount which pre- 
vents substantially uniform coating of the article. In a 
preferred embodiment, the fixture device has a support 
structure which includes a peripheral support frame 
which defines an interior opening therethrough; and at 
least one support member affixed to the frame, with the 
support member extending inwardly from the frame. 

The support structure preferably includes a first 
support member affixed to two locations at opposite 
ends of the frame; and a second support member affixed 
to two different locations at opposite ends of the frame. 
Alternatively, the second support member may be af- - 
fixed to the first support member alone, or may be af- 
fixed both to the frame and to the first support member. 
The support members may cross or may not cross in 
the opening defined by the frame. However, an impor- 
tant feature of the support members is that the support 
members define a plurality of point-contact support lo- 
cations to retain the article to be treated. 

The methods of using the present invention to uni- 
formly and efficiently treat an article in a gaseous atmos- 
phere generally include the steps of: providing an article 
to be treated; providing a support structure for the arti- 
cle; placing the article on the support structure such that 
the article is supported on a plurality of point-contact 
support locations; and exposing the article to treatment 



4 



7 



EP 0 758 687 A1 



e 



gas for a time and at conditions to provide a substantially 
uniform surface treatment to said article. The preferred 
treatment gas is an ionized gas, I.e., a plasma, which is 
preferably capable of altering the surface of the article 
to increase the hydrophilicity and/or biocompatibility. 

The previous disclosure will enable one having or- 
dinary skill in the art to practice the Invention. The in- 
vention has been described in detail, with reference to 
certain preferred embodiments, in order to enable the 
reader to practice the invention without undue experi- 
mentation. However, a person having ordinary skill in 
the art will readily recognize that many of the compo- 
nents and parameters may be varied or modified to a 
certain extent without departing from the scope and spir- 
it of the Invention. Furthermore, titles, headings, or the 
like are provided to enhance the reader's comprehen- 
sion of this document, and should not be read as limiting 
the scope of the present invention. Accordingly, the in- 
tellectual property rights to this invention are defined on- 
ly by the following claims and reasonable extensions 
thereof. 



Claims 

1 . A fixture device for uniformly and efficiently support- 
ing an article to be treated in a gaseous treatment 
atmosphere, comprising a support structure which 
provides a plurality of point-contact support loca- 
tions for an article to be treated, wherein said plu- 
rality of point-contact support locations is sufficient 
to support said article to be treated but does not 
block contact between said article and said gase- 
ous atmosphere enough to prevent substantially 
uniform treatment of said article with said gaseous 
atmosphere. 

2. A fixture device of claim 1 , wherein said plurality of 
point-contact support locations is at least three. 

3. A fixture device of claim 1 , wherein said plurality of 
point-contact support locations is four 

4. A fixture device of claim 1 , wherein said support 
structure is formed from wire. 

5. A fixture device of claim 1 , wherein said point-con- 
tact support locations are separated from each oth- 
er by a substantially uniform distance. 

6. A fixture device of claim 1 , wherein said article is an 
ophthalmic lens. 

7. A fixture device of claim 6, wherein said lens is a 
contact lens. 

8. A fixture device of claim 1 , wherein said article Is an 
ophthalmic lens and said support structure compris- 



es: 

(a) a peripheral support frame defining an Inte- 
rior opening therethrough; and 
5 (b) at least one support member affixed to said 

frame and extending inwardly from said frame. 

9. A fixture device of claim 8, wherein said peripheral 
support frame extends beyond the edge of said ar- 

10 tide when said article is positioned on said support 
member and substantially centered within said 
frame. 

10. A fixture device of claim 8, wherein said support 
^5 member is a wire or polymeric line. 

11. A fixture device of claim 1 , wherein said article Is an 
ophthalmic lens and said support structure compris- 
es: 

20 

(a) a peripheral support frame defining an inte- 
rior opening therethrough; 

(b) a first support member affixed to two loca- 
tions at opposite ends of said frame; and 

25 (c) a second support member affixed to two dif- 

ferent locations at opposite ends of said frame. 

12. A fixture device of claim 11, wherein said first and 
second members cross at substantially the center 

30 of said frame. 

13. A fixture device of claim 11, wherein said first and 
second members do not cross. 

35 14. A fixture device of claim 11, wherein said first and 
second support members are substantially straight 
wires or polymeric lines which are essentially per- 
pendicular to one another. 

40 15. A fixture device of claim 1, wherein said support 
structure is formed from a non-ferromagnetic mate- 
rial. 

16. A fixture device of claim 15, wherein said non-fer- 
45 romagnetic material is selected from the group con- 
sisting of quartz, optical cable, and fine polymeric 
line. 

17. A fixture device of claim 16, wherein said non-fer- 
50 romagntic material is optical cable. 

18. A fixture device of claim 16, wherein said non-fer- 
romagntlc material is fine polymeric line. 

55 19. A fixture device of claim 1 , wherein said fixture de- 
vice blocks less than about one percent of the sup- 
ported surtace of said article. 
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20. A fixture device of claim 1 9, wherein said fixture de- 
vice blocks less than about 0.1 percent of the sup- 
ported surface of said article. 

21. A fixture device of claim 1, wherein said gaseous s 
atmosphere is a plasma gas. 

22. A fixture device of claim 1 , wherein said plurality of 
point contacts is at least three, wherein said article 

is an ophthalmic lens, and wherein said support io 
structure comprises: 

(a) a frame; 

(b) a non-ferromagnetic first wire affixed to said 
frame; and rs 

(c) a non-ferromagnetic second wire affixed to 
said frame or said first wire, such that said first 
wire crosses said second wire. 

23. A fixture device of claim 1 , wherein said treatment 20 
is a coating of said article. 

24. A fixture device of claim 23, wherein said coating is 
a polymeric coating. 

25 

25. A method of uniformly and efficiently treating an ar- 
ticle in a gaseous atmosphere, comprising the steps 
of: 

(a) providing an article to be treated; 30 

(b) providing a support structure for said article; 

(c) placing said article on said support structure 
such that said article is supported on a plurality 
of point-contact support locations; 

(d) exposing said article to treatment gas for a 35 
time and at conditions to provide a substantially 
uniform surface treatment to said article. 

26. A method of claim 25, wherein said article is a con- 
tact lens. 40 

27. A method of claim 25, wherein said treatment gas 
is a plasma gas. 

28. A method of claim 25, wherein said method produc- 45 
es a polymeric coating on said article. 

29. An ophthalmic lens fomned by the method of claim 
25. 

50 

30. An ophthalmic lens of clainn 25, wherein the oph- 
thalmic lens is a contact lens. 

31. An ophthalmic lens of claim 25, wherein the contact 
lens comprises a polymer containing siloxane 55 
groups. 
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